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© Method of covering a device with a first layer of silicon nitride and with a second layer of a 
polyimlde, and device covered by means of the method. 

© The invention relates to a (semiconductor) de- 
vice 1 at least one surface of which is covered with a 

first layer 3 of silicon nitride, which layer is made 

hydrophilic, after which a bonding agent is provided 

on the silicon nitride and a layer 4 of a photosen- 
^sitfve polyamide is then provided in which a pattern 

of apertures 5 is etched to give access to contact 
^pads 2 for electrical connections, the bonding agent 
pybeing a trialkoxysilane compound which comprises a 

primary amino group and which preferably com- 
JJprises in addition at least one secondary amino 
flq.group. The polyamide is finally converted to 

polyimide. 

° By using the bonding agent, no undercutting 
Utoccurs during etching the apertures in the polyamide 
HAlayer and a good pattern definition is obtained. 
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Method of manufacturing a device and device manufactured by means of the method. 



The invention relates to a method of manufac- 
turing a device at least one surface of which Is 
coated with a first layer of silicon nitride and with a 
second layer of a polyimide, in which a bonding 
agent is used at the interface of the two layers. 

The method according to the invention is used* 
for example, for the manufacture of a semiconduc- 
tor device. 

The invention also relates to a device manufac- 
tured by means of the method. 

Devices, in particular semiconductor devices, 
must generally be protected from undesired envi- 
ronmental influences. For this purpose, for exam- 
ple, silicon nitride layers are used because of the 
hydrophobic properties thereof. It is also known to 
cover semiconductor devices with a layer of 
polyimide so as to protect them against radiation, 
notably against alpha-radiation. In the article 
""Polyimide Adhesion", by R.G. Narechania et al. in 
J. Electrochem. Soc. 132 (11), gg. 2700-2705 
(1985) a method is described to improve the bond- 
ing of a polyimide to a surface coated with silicon 
nitride while using 3-aminopropyl-triethoxysilane. 
The mechanism according to which the bonding 
agent acts is described by H.G. Linda in J. Poly- 
mer. Sci., Polymer Chem. Ed., 20, ££/ 1031-1041 
(1982). According to that mechanism the amino 
group of the bonding agent reacts with a free 
carboxyl group of the polyimide. 

If it is desirable to make electrical connections 
with contact pads on the surface of the semicon- 
ductor device it is efficacious to use a photosen- 
sitive polyamide in which apertures can be etched 
in the form of a pattern, after which the polyamide 
is converted to polyimide. A polyamide suitable for 
that purpose does not comprise any free carboxyl 
groups but, for example, aery late ester groups 
which can produce the formation of a three-dimen- 
sional polymer network under the influence of radi- 
ation as a result of which the exposed parts of the 
polyamide become insoluble. For use a photosen- 
sitive polyamide giycidoxy propyl trimethoxysilane 
is generally used as a bonding agent because it is 
known that a giycidoxy group can react with an 
acrylate ester group. In experiments which have 
led to the present invention, however, it was estab- 
lished that the bonding of the photosensitive 
polyamide to silicon nitride is unsatisfactory when 
giycidoxypropyl trimethoxysilane is used as a 
bonding agent. The result of unsatisfactory bonding 
is that undercutting occurs during the development 
of the polyamide as a result of which the resulting 
pattern definition is unacceptably bad. 



It is the object of the invention to provide a 
method of covering a device, for example a semi- 
conductor device, by means of which method a 
readily bonding polyamide layer can be provided 
s on a silicon nitride layer so that readily defined 
apertures can be etched in the polyamide layer, 
after which the polyamide is converted to 
polyimide. 

According to the invention this object is 
70 achieved by means of a method as described in 
the opening paragraph which is characterized in 
that a silicon nitride layer is provided on a sub- 
strate and is made hydrophilic, after which a bond- 
ing agent is provided on the silicon nitride layer 
75 and a layer of a photosensitive polyamide is then 
provided, in which apertures are etched in patterns 
so as to give access to contact pads for electrical 
connections, the bonding agent being a trialkox- 
ysilane compound which comprises a primary ami- 
20 no group, after which the polyamide is converted to 
polyimide. 

The alkoxy groups in the trialkoxysilane com- 
pound preferably comprise small, preferably un- 
branched, alkyl groups, for example, methyl groups 

25 and ethyl groups. When providing the bonding 
agent the trialkoxysilane com pound is hydrollsed, 
the alkoxy groups being split off, and Si-O-Si 
bonds with the silicon nitride surface are formed. 
The bonding of the bonding agent with the pho- 

30 tosensitive polyamide cannot take place in the usu- 
al manner with free carboxyl groups because these 
are not present in the photosensitive polyamide. 
The supposed mechanism on which the method 
according to the invention is based is a Michael 

35 addition of the amino group of the bonding agent to 
an unsaturated bond of an acrylate ester group of 
the polyamide. 

The bonding between the bonding agent and 
the polyamide is considerably intensified if the 

40 bonding agent comprises in addition to the primary 
amino group at least one secondary amino group. 
The suggested mechanism for this improvement is 
as follows. An amino group which is at some dis- 
tance from the SI-0 group in the molecule chain of 

45 the silane compound can to a certain extent be 
immobilised by an attractive interaction with the Si- 
O group or with the surface to which the silane 
compound is bonded. A ring structure is formed 
and the amino group Is not available for a bonding 

so with the polyamide. If the distance between the 
amino group and the Si-0 group is so small that 
ring formation does not occur, the mobility of the 
amino group on the other hand is small and the 
possibility of a bond with the polyimide is also 
small. As a result of the choice of a silane com- 
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pound with one or more secondary amino groups 
the phenomenon occurs that the ShO groups are 
screened therewith. The primary amino group re- 
mains free for a chemical bond with a suitable 
group of the polyamide. It may be noted that silane 
compounds having more than one primary amino 
group could be used in principle but these are not 
readily available. 

In a preferred embodiment of the method ac- 
cording to the invention the bonding agent is N-(2- 
aminoe%l)-3-aminopropytoialkoxy-silane, the al- 
koxy groups being selected from methoxy groups 
and ethoxy groups. 

In a suitable embodiment of the method in 
accordance with the invention the silicon nitride 
layer is made hydrophilic by means of a treatment 
with ozone and exposure to UV light. 

The invention will now be described in greater 
detail with reference- to examples and with refer- 
ence to a drawing, in which 

Fig. 1 is a diagrammatic sectional view of a 
device according to the invention, 

Figs. 2 and 3 show structural formulae of 
alternative silane compounds suitable for use in the 
method according to the invention, 

Fig. 4 shows the structural formula of a pho- 
tosensitive polyamide suitable for use in the meth- 
od according to the invention, and 

Fig. 5 shows diagrammatically the suggested 
reaction mechanism of the method according to the 
invention. 



Example 1. 

Fig. 1 shows a semiconductor device 1 having 
contact pads 2 for electrical connections. The 
semiconductor device 1 is covered with a layer 3 
of silicon nitride, which layer has been provided, for 
example, by means of chemical vapour deposition. 
The surface of the silicon nitride layer 3 is made 
hydrophilic by a treatment with UV/ozone for 5 
minutes. 

A bonding agent Is then provided by placing 
the semiconductor device 1 in a solution of 1% by 
weight of 3 : aminopropyl-trimethoxysilane (see Rg. 
2) in toluene at 100°C for 1 hour. The bonding 
agent is shown as a layer 6 in Figure t. This Figure 
is not to scale. Layer 6 is only about one molecule 
thick. 

A layer 4 of a photosensitive polyamide is then 
provided in a thickness of 85 nm by spinning a 
solution of the polyamide for 20 seconds at a rate 
of 680 rpm on the surface. The photosensitive 
polyamide is dried at 60°C for 6 hours. The 
polyamide used is a compound according to the 
structural formula which is shown in fig. 4 having a 
number-averaged molecMlar weight of approximate- 



ly 10,000 and is provided from a solution in a 1:1 
mixture of N-methyI-2-pyrrolidone and cyclopen- 
tanone with such a concentration that the viscosity 
is 2.35 Pas. The photosensitive initiator 2,2- 

5 dlmethoxy-2-phenyl-acetophenone is added to the 
solution in a quantity which is 2% by weight of the 
quantity of polyamide. 

The polyamide layer 4 is exposed to UV light 
having a wavelength of 300 to 400 nm f for exam- 

10 pie, by means of an electrodeless mercury lamp, 
via a mask (not shown in the figure) for 8 minutes. 
The non-exposed parts of the polyamide layer are 
dissolved by means of cyclopentanone, apertures 5 
being formed in the polyamide layer 4, which ap- 

75 ertures are suitable to manufacture electrical con- 
nections with the underlying contact pads 2. For 
this purpose the silicon nitride may be removed 
locally, if desired by means of a suitable etching 
treatment 

20 Rg. 5 shows the suggested reaction mecha- 
nism according to which the bonding agent works. 
Ri represents the molecular radical of the silane 
molecule which is coupled to the silicon nitride 
surface via Si-O-Si bonds, Ft is the molecular 

26 radical of the polyamide molecule. The polyamide 
Is converted to polyimide by a thermal treatment 
during 5 hours at temperatures up to 300 *C. 



30 Example 2. 

The method was carried out as described in 
Example 1. but this time with the use of N-(2- 
aminoethyl)-3-aminopropyl-trlmethoxysilane (see 
35 Rg. 3) as the bonding agent. 



Example 3. 

40 The method as carried out as described in 
Example 2 in which the bonding agent was pro- 
vided by placing the semiconductor device in a 
solution of 1% by weight of N-(2-aminoethyl)-3- 
aminopropykrimethoxysilane in water for 2 min- 

4s utes and then rinsing with water. 

A further improvement can be obtained by 
subsequently storing the semiconductor device at a 
temperature of 125°C for 30 minutes, but this step 
is not strictly necessary. 

60 
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Example 4. 

The method was carried out as described in 
example 2 in which the bonding agent was pro- 
vided by placing the semiconductor device in the 5 
vapour of N-<2-aminomethyl)-3-aminopropy1- 
trimethoxysiiane at a pressure of approximately 
100 Pa fori hour. 

The semiconductor devices obtained by means ' 
of the methods according to the above examples, w 
in particular according to examples 2 to 4, are 
characterized by a particularly good bonding be- 
tween the silicon nitride layer and the polyamide 
layer as a result of which during etching apertures 
in the polyamide layer no undercutting occurred 75 
and a good pattern definition of the apertures was 
obtained. 



Claims 20 

1. A method of manufacturing a device at least 
one surface of which is covered with a first layer of 
silicon nitride and with a second layer of a 
poiyimide in which a bonding agent is used at the 25 
interface of the two layers, characterized in that a 
silicon nitride layer is provided on a substrate and 

is made hydrophilic, after which a bonding agent is 
provided on the silicon nitride and a layer of a 
photosensitive polyamfcteis then provided, in which 30 
apertures are -etched irr patterns so as to give 
access to contact pads for electrical connections, 
the bonding agent being a trialkoxysilane com- 
pound which comprises a primary amino group, 
after which the polyamide is converted to 35 
poiyimide. 

2. A method as claimed in Claim 1, character- 
ized in that the bonding agent comprises in addi- 
tion at least one secondary amino group. 

3. A method as claimed in Claim 2, character- 40 
ized in that the bonding agent is N-(2-aminoethyl)- 
3-aminopropyltriaIkoxysilane, the alkoxy groups be- 
ing selected from methoxy groups and ethoxy 
groups. 

4. A method as claimed in Claim 1 , character- 45 
ized in that the silicon nitride layer is made hydro- 
philic by means of a treatment with ozone and 
exposure to UV light 

5. A device manufactured by means of the 
method as claimed in any of the Claims, 1 to 4. so 
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